Abstract We here describe the first example of a cancer of unknown primary (CUP) patient with concomitant idiopathic pulmonary arterial hypertension who was treated with docetaxel monotherapy. A 43-year-old woman was admitted to our hospital with left chest pain in June 2011. Based on the results of the general physical and other examinations, the patient was diagnosed as having CUP. The patient was treated with total doses of 40 Gy to a painful bone metastasis, followed by docetaxel monotherapy at 60 mg/m 2 . Nine days after chemotherapy, she developed shortness of breath, and laboratory investigations showed a substantial increase in serum amino-terminal pro-brain natriuretic peptide levels of 293.2 pg/ml (normal range, \125 pg/ml). At day 17, the right ventricular systolic pressure increased from 93 to 125 mmHg, suggesting right-sided heart failure, and consequently she died on day 21.
Introduction
Despite the development of excellent diagnostic tools, there are still patients with metastatic cancer in whom the site of the primary tumor cannot be determined; these patients are defined as having cancer of unknown primary (CUP). Among the new agents that became available in the 1990s, the taxanes were reported to show significant activity against CUP. It is still unclear whether chemotherapy can be safely administered to CUP patients with concomitant idiopathic pulmonary arterial hypertension (IPAH). We here describe the first example of a CUP patient with concomitant IPAH who was treated with docetaxel monotherapy.
Case presentation
The patient was a 43-year-old woman who presented with unexplained dyspnea at age 15 in 1983. A thorough evaluation revealed idiopathic pulmonary arterial hypertension (IPAH) as the etiology. In 2005, she was started on continuous intravenous epoprostenol therapy and continued for 6 years without developing right-sided heart failure. She also received oxygen therapy and routine prophylactic anticoagulation with warfarin, and her baseline oxygen saturation was above 95 % on 4 l/m O 2 (nasal); the target international normalized ratio (INR) had been stable and within the therapeutic range of 2.0-3.0. She was admitted to our hospital with left chest pain in June 2011. Chest computed tomography showed bilateral pulmonary nodules (Fig. 1a) , and positron emission tomography/computed tomography (PET/CT) imaging revealed intense 18 F-fluorodeoxyglucose uptake in the lesions corresponding to the bilateral lungs and left sixth rib (Fig. 1b) . Ultrasound scan and endoscopic examination did not allow identification of the site of the primary lesion. A biopsy specimen from a rib showed a poorly differentiated carcinoma, but the immunohistochemical examination failed to define a primary tumor site. Based on the results of the general physical and other examinations, the patient was diagnosed as having cancer of unknown primary (CUP). The patient was treated with total doses of 40 Gy at 2.5 Gy per fraction to a painful bone metastasis, followed by docetaxel monotherapy at 60 mg/m 2 . Radiation therapy provided significant relief from the painful bone metastases, and no significant radiation therapy-related complications were found. Nine days after the administration of the first cycle of docetaxel, she developed shortness of breath without a cough, fever or chest pain, and a chest X-ray did not show any infiltrate, consolidation or effusion, but did reveal an enlarged heart and bilateral pulmonary nodules consistent with metastases. Laboratory investigations showed grade 1 anemia (hemoglobin 10.1 g/dl), grade 4 neutropenia (220/ ll), grade 1 thrombocytopenia (77,000/ll) and a substantial increase in serum amino-terminal pro-brain natriuretic peptide (NT-proBNP) levels of 293.2 pg/ml (normal range, \125 pg/ml); however, there were no episodes of febrile neutropenia or bleeding. The patient received prophylactic filgrastim once daily for 4 days. At day 17, her shortness of breath gradually worsened without a cough, fever or chest pain; however, a chest X-ray did not show any infiltrate, consolidation or effusion. Oxygen saturation dropped below 90 % on 4 l/m O 2 (nasal), and nasal cannula oxygen was replaced by an oxygen mask. Laboratory investigations showed grade 2 anemia (hemoglobin 9.5 g/dl), normalization in neutrophils (10,137/ll), grade 3 thrombocytopenia (36,000/ll) and dramatically increased NTproBNP levels of 2,249 pg/ml. The fibrin degradation product (FDP) was at the normal level of 4.9 lg/ml (normal range, 0.1-4.99 lg/ml), and the INR was 2.15, a value well within the targeted range. The electrocardiogram showed right ventricular hypertrophy, but no arrhythmias. Right ventricular systolic pressure (RVSP) measured by echocardiography increased from 93 to 125 mmHg (Table 1) , suggesting right-sided heart failure, but left ventricular (LV) systolic function was normal with an ejection fraction (EF) of 86 %. Furosemide was additionally supplied, but her condition worsened and she died of respiratory failure on day 21.
Discussion
Neither standard nor optimal chemotherapeutic regimens have yet been determined because of the complex and heterogeneous presentations of patients with CUP. Among the new agents that became available in the 1990s, the taxanes were reported to show significant activity against CUP. Based on the results of several studies, it appears that platinum compounds plus taxanes may prove to be as effective or more effective than previous regimens [1, 2] . It is still unclear whether chemotherapy can be safely administered to CUP patients with concomitant IPAH. Our present patient was treated with docetaxel monotherapy to avoid the risk of fluid overload from platinum-based chemotherapy, resulting in right ventricular failure; however, she suffered chemotherapy-related early death due to PAH exacerbation. Several factors may be responsible for this, including thromboembolism, tumor microemboli and damage to blood vessels in the lungs. Although patients with cancer have a 4-to 6-fold increased risk of thrombosis compared with the general population [3] , the risk of thrombosis in the present case seemed to be low because the target international normalized ratio (INR) in this IPAH patient treated with warfarin had been stable and within the therapeutic range of 2.0-3.0, and the FDP values were normal during a course of docetaxel therapy. However, the possibility of thrombosis should be considered because contrast-enhanced CT was not performed. Pulmonary hypertension caused by tumor cell microembolism is a rare occurrence and an extremely difficult diagnosis to make prior to death [4] . Tumor emboli needed to be included in the differential diagnosis in the present case; however, it seems unlikely that tumor microembolism occurred early in the course of chemotherapy without evidence of rapid tumor progression. The other possible explanation is that docetaxel induced pulmonary hypertension through modification of endothelial function. Docetaxel has been proven to have antiangiogenic activity, and its resulting impaired angiogenesis or endothelial dysfunction may be the mechanism of elevated pulmonary blood pressure [5] , but whether its antiangiogenic properties are linked to pulmonary arterial hypertension or not remains unclear. Moreover, an autopsy was not performed in this case, and the information is insufficient to draw a definitive conclusion on the effects of docetaxel on idiopathic pulmonary arterial hypertension.
In conclusion, taxanes may be one of the treatment options for patients with CUP when alternative therapeutic options are limited. Since chemotherapy is considered to be one of the risk factors for developing secondary PAH [6, 7] and exacerbation of pulmonary arterial hypertension, which might have been related to chemotherapy, was found in the present case, it should be emphasized that chemotherapy may increase treatment-related mortality in IPAH patients harboring cancer. Further investigations are also required to understand whether pulmonary hypertension can be considered as an adverse effect of docetaxel and how the drug eventually affects vessel endothelial cells.
